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ABSTRACT

From the standpoint of boiler-wall corrosion prevention, preliminary
studies at this Laboratory and at the Naval Ship Research and Development
Center have indicated that a chelating agent, ethylenedinitrilotetra-
acetic acid (H,EDTA), in conjunction with lithium hydroxide is preferable
to the low-phosphate control treatment presently being used by the Navy.
To elucidate the corrosion-inhibition mechanism in the lithium hydroxide-
EDTA%~ system, we must know the rate and the mechanism of EDTA%~ de-

composition in aqueous solutions under conditions of high-pressure boiler

operations. As a background for investigations a4t this Laboratory of the
solid phase and solution phase decomposition of EDTA%~ at high tempera-
tures, the available literature has been examined and pertinent facts
related to the lithium hydroxide-EDTA®~ system are reported. The gen-
eral properties of EDTA®~ chelates are reviewed first. Although a
considerable amount of information is available related to the use of
alkali-metal hydroxides and EDTA*~ solutions for hard-scale removal and
corrosion prevention, no studies have been reported on decomposition
products from aqueous EDTA*~ solutions heated under pressure to high
temperatures. The qQualitative investigations of the thermal decompo-
sition of solid H,EDTA and its metal salts fail to fully identify the
volatile products and residues formed at temperatures near those of
boiler operations.

PROBLEM STATUS

This is an interim report; work on the problem is continuing,

AUTHORIZATION

NRL. Problem C04-04
Project RR 001-02-43-4501
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Introduction

For treatment of stecl at elevated temperatures in steam power
generator boilers, lithium hydroxide has recently been shown to be an
effective additive (1,2). However, the depesition of lithium phosphate
on the boiler walls prevents the simple substitution of lithium hy-
droxide for sodium hydroxide in the conventional Navy low-phosphate
treatment for boiler water (3). To prevent hard scale formation by
alkaline carth ions, which arc¢ always present in boiler water, addition
of a soluble organic chelating agent in place of the phosphate was pro-
poscd for the lithium hydroxide system. Preliminary studies in capsule
systems at this laboratory and in model boilers at the Naval Ship Re-
search and Deveclopment Center have indicated that onc chelating agent,
ethylenedinitrilotetraacetic acid (H,EDIA), in conjunction with 1lithium
hydroxide, is preferable, from the¢ standpoint of prevention of boiler
wall corrosion, to the low-phosphate control trecatment presently being
used by the Navy (3).

To elucidate the corrosion-inhibition mechanism in this preferred
system of lithium hydroxide and EDTA?~, it is nccessary to know the
stability of the organic chelating agent, the state of aggrepgation of
lithium ions, iron ions and EDTA?™ ions at the pll and temperature condi-
tions of boiler operation. Examination of the available literature hus
revealed many per tinent facts related to the lithium hydroxide-EDIAY-
system and theso dre reported herein as o bachground for studics at
this I aboratory of the solid phase and solution phasc decomposition of
EDIA®T at high temperatures.  From these studies, the function ot the

chelating agent may be determined., and new chelating materials of the

proper stability recommended for future Screening tests.




General Properties of EDIA®- Chelates

Aqucous solutions of metal ions contain complexes because of the
polar nature of the water molecules and the ionic charge of the metal
1on.  .he spatially ori-nten water molecuies ik i be replaced if compl
formation takes place with ligands other than the solvent. Many inter-
related factors influence the sclectivity and the stability of complexes:
(a) the nature of the atoms concerned in bond formation; (b) the base
strength of the ligand which may be an anion or neutral molecule with
basic properties; (c) the stercochemistry of the c.mplex formed; and
(d) any contributions due to resonance. Anoiher .mportant consideration
is the "chelate effect"; the more points of attachment there are between
a ligand and a metal ion, the more difficult it will be for the metal
ion ‘o break all the bonds and move away vefore the chelate can reform.
Thus, the stability constants of the iron(Il) complexes with ammonia,
ethylenediamine and ethylenedinitrilotetraacetic acid increase as the
points of ligand attachment increase from 1 to 2 to 6, respectively
(Fig. 1).

Formation constants of some 1:! metal -EDTA®” complexes at 20°C in
0.1M KC!1 (4) are listed in Table 1. In general, for a given lipand,
compluxes arc least stable for monovalent cations; the siability in-
creases with increasing cationic charge and decreasing ionic radius
(see Table I: Fi  vs. Fe' and Fe'  vs. Fed'). Since a 'igand may be
considered a base, at sutticiently low pH the molecule may become cox-
tensively protenated and its camplex farming ability reduced. EDTA?-
is nearly cqual to the total HLEDIA added when the pit is between 11

and 1.0 (5),




Ringbom (6) reported that the optimum pl for EDIAT~_complov fremi-

tion is the value at which the metal complex has an apparent stability
constant of 10% (Table 1). Accordingly, at pH 3 the iron(111) complex-
farmr+ion ir complets within one part in 107 when the frec EDFA? con-
centration is 2 x 10""™M., If the pl{ of the solution is increased,
another important factor that must be considered is the hydrolytic
equilibria.

Although the stability constants of Fe(II11)- and Fe(T11)-FDIA?T
indicate relatively high stability (Table 1), the iron(I11) or iron(I11)
hydroxides may precipitate if the solution is made too alkaline., Con-
sequently, for a 1073M Fe(I11)-EDTA®” solution which is 1074 in frec
EDTA®”, precipitation of Fe(OH), rpks -42.7 (7)1 should begin when
the pH reaches about 3 or greater., However, under the same conditions,
precipitation of Fe(OH), [pKS -15.2 (7)) snould begin only when the
pH reaches about 14 or greater. Since the reported KS values vary (1),
the calculated value of pH will depend on the choice of KS used. Con-
Sequently, the pH values are only used to illustrate the differences
between Fe(1l) and Fe(II!l) solubilities.

Of the EDIA®” groups that are involved in metal -complex formation,
the last one, or sometimes the last two, biads retatively weakhly,  Phis
makes it possible for one or two of the (oordingdtion sites around .
metal ion to be occupicd by water molecutes which con Jose protons
thydrolyze), giving risce to complexes with Fecolly o Forotle chelated
to FPPATT, Both of the resulting complexes have Tower <tah ooty cen -
stants than the metul 1on complexes which wouldt b present on soto-

tions ot lower pil values. Consequent!v, under fdea’ ontolions




20°C, a pH 11 solution containing M2t and Fe(ﬂl); ions would have con-

ditions conducive to complex formation between Mg2' and EDTA*~, but the

iron would be precipitgted as the hydrous oxide. The calculated values
for the formation constants of Fe(OH,-EDTA®” and Fe(OH)4-EDIA*T corrob-
orate the expected solubiiity of re(il) anld insolubilitv of Fe(III) at
high pli values (Table I). Temperature as well as concentration and pH

will affect the stability and the nature of the resulting chelate.

Aqueous Solutions of EDI[A®™ Used in Beilers

Aqueous solutions of ethylenedinitrilotetraacetic ac 1 (H4EDTA),
its salts, and derivatives are used extensively as reagents in ana-
lytical chemistry (8). The patent literature also arounds with
industrial uses. Howewver, no thorough studies of the high tempera-
ture and pressure stability of these aqueous solutions have yet been
repor ted.

Acting similacly as the polyphosphates, EDTA®” suppresses the
effect of 7ard wate, ions by camplexing ions such as Ca®' and Mg2*.
I'nlike the 1ns_iuble phosphates, the ENTA® -chelated ions usually
remain in solution; the soluble complexes of the undesirable ions are
ecasier to remove than the solid phosphates. Consequently, the liter-
ature contains many reports of the successful use of H,EDFA, its

salts, and derivatives, as well as other similar cheleting agents,

tor cleaning boilers which are scaled ()0 [o Tessen the cost of
the chemical c¢leaning, the I utions ¢an be tredted with wcid
to recover i PDTA for reuse. For general cloaning of utility boilers,

Satts 0! EPFATT D such oas the ammonium or sodium salt, remnove maanetid




iron oxide less effectively than hydrochloric acid chemical clcaning;

furthermore, the EDTA®™ treatment is more expensive than the hydro-
chloric acid treatment (10),

Goldberg and Arrhenius (11) used EDFA®T solutions to determine the
dissolution rate of scveral ground samples of mincrals (3.2 - Iy
equivalent diameters; tuce Mineral sampie was suspended 1n ST UEDIAY
buffered te a pH of & with ammonia and agitated for  hrs. at 10°°C,

A progressive decrease of dissolution rate with time was noted in most

cases. The range of dissolution was from 17 to 470 mg m™ hr~! tor the
minerals tested. The characteristic of FPPA?™ to disscolve minerals

was utilized by Kajanne (12) who found that the iron ~ontent ot boiler

water without EDTA®™ was 2.9 - 3.7 mg’l. when 1 hp of EDRFA 80 tons of

steam was fed to the low pressure test boiler, the iron content of the

boiler water became 11.5 to 27.»> mz/1. Kajanne estimated that 1 kg ot
EDTA would remove 1.2 kg of scale from the boiler (123, By formation

of a Fe?' - EDTA®" complex, iron(Il) ions were assumed to have been

prevented from forming & preocipitate.  Since the residug! hardness of

the feed water may inactivate the FDPFATT | the foodins 0300 detormingd
by Kajanne may not be ideal.

MUnz (13! reported that slkeli-metal salts of othviencdinitrilo-
totrascetic acrd and nrtrilotoriacetic ac: fare sulteble tor treatling

tard water to prevent the formation of precipitetes, but ftorsmor s

14 noted that these compounds weore unsyited for o trealing o 5 2C
remove and prevent scale tormaton, Althous™ Ne P EA sotut ans owm !
digsolve treshiv precaprtated caloiu selts 0wl ot eIy, oy

toosen hard inunustations of (el iuml maonesium . oan [ SR RN EN




found inside boiler tubes. By adding a relatively small proportion of

alkali-metal hydrcxide or a water soluble alkali-metal salt of a com-
paratively wecak water soluble acid, scale formation was loosencd and
dissolved at the boiling point of the cleaning solution. Bersworth re-
; rted that, ouce the scale had been removed, the tubes of the boiler
could be kept free from scale by adding an "alkylene polyamine tetra
{or higher) acetic acid” and an alkali-metal hydroxide to the feed
water. A typical aquecous solution, which was recommended by Berswor th
to remove hard, thick scale from boilers without damage to tubes and
to prevent further scale formation, consists of an alkali-metal salt
of an 'alkylene polyamine tetra (or higher) acetic acid"” (0.1 to 2%

by weight), an aliali-metal hydroxide (10 vo 25% by weight), and a
water soluble weak czcid te give a solution of pH 8.5 or greater.

If iron oxide and carbonaceous materials are present, a more
elaborate system for removing scale at 90°C consists of water (795
pts.), S0% sodium hydroxide solution (210 pts.), Na,H,EDTA (20 pts.),
triethanolamine (100 pts.), sodium hydrosulfide (30 pts.), alkylary!l
benzene or naphthalensulfonate (0.125 pts.), and KercSene (293 pts.)
{13). Under the conditions used, Fe(lI!)-triethanolamine complexes
are reported to remain soluble and to have their highest stability at
3 pH range 13 to 14,

In cane-suyar factories, hot 2 to 57 EDTAT solutions (pH between
v oand 110 have been used to descdle brass cvaporator heating surfaces.
The Scale usudlily Consists of calcium salts with a small propertion of
magnesiu™ salts, and the Cemroen enions are syliate. phoaphate, sili-

cate, ant anions ol Orgafie a0 1S, Niliva. siiicvates and iren ox!ods




darc not removed by the FDIAYT treatment (1o, 17, when the asoed Pty

cleaning solution is acidificd with suitfuric acid to ptl U0, calcium

sultate precipitas o, the pHbois then dncreesed to o and the solut

on

is ready for reuse.  Although the magnesium content of the solution

builds up, itnsoluble H,EDEA can be recovered for reuse by lowering

th

pil to 1.5, Under favorable conditions less than 7 loss of HGDIA por

veek was reported (17),
Ihe calcium sulfate, which 1s of paramount importence in

factory cvéaporators, remains scoluble in BDPAYT solutions rovar

.\U:_;ur

ol

qs ot

pit, and its solubility is not influcnced by the nresence of tluerid

phosphate, carbonate., or ~valate, all of which form sparincsly solubls

calcium salts. Ap activation cnergy of 4.0 kcal mole was reported tor

the process of dissolving calcium sulfate in FDIYYT solutions

Since the activation enorgy 1s relatively Low and the rate of

iution

1s increascd by 1ncreasinyg the flow of liquid pest the scaloe. the rate
conirolling step of calcium sultate dissolution is imdicated to be g
physical rather thoen o chemivel prowess.  bor Scales,
the rate of le’unin; becomes mdcpvndvn: of p” above o oeand therctore
indicated, and now contirmet, that the use o very alnalzine A
SOIUttons lor Jledning evdporators IS nNel noges8any ! S~
Ihonotod that the exe e 1rimoon bress o onvgparater tateos
was lissolveds et the melal owas Lol opertectiy s an br ol F k
e s veporator maes ot oin o service . Y o tel e b 0D un oen '
for Senv rdl weoeceks, wmhioreas g SL e anc D iuhe s wer oy VT Y S
frl= very rap iy e orermovae!l HE AN ever Yoot - -




solutions urc noilted, sometimes ot reduced pressures, no mengion of the
thermal decomposition of the reagent is reported. In fact, the reports
sually stale thet the highiy alkeline NajBEDPA solutions are stable to
boiling.

the large amounts of the Na,EPLA needed to effect the cleaning is
a major disadvantage. For cleaning the sugar cevaporatur tubes, the
weight of Na,EDIA necessary to completely dissolve the scale is about
twice the weight of the scale (18). For kecping the tubes clean,
Schmidt and Wiggins (19) sugeoested the addition of Na,H,EDTA to the
"juice line" from time to time.

In a study of the dissolution of iron, zinc and cadmium, at room
temperature and at a pH of about 2, hing and Hillner (20} reported the
effect of complexing or chelating agents on the inhibitor properties
of dilute dichromate solutions. The authors used cylinders of the
metals rotating at 15,000 cm/min at temperatures of 23° to 28°C.
Saturated solutions of H,LEDTA with 0,01M dichromate showed some in-
creased inhibition of dissolution as compared to solutions without
H,EDTA. With dichromate present the iron acqQuired a light yellow
S1lm, the cadmium a light brown film; both rubbed off casily with al-
cohol. The authors consider two views for he function of complexing
or chelating apents: first, they prevent precipitation of oxides or
hydroxides by forming soluble complexes with ions not involved in
torming the tipyhtly adherent ilm of impervious oxide; or second,
these reayents act to ¢lean the surtfuce of air-formed, less protec-
tive films, thu, allowing free aceess of dicl romate ion to be ad-

sorhed. Compositions for inhibiting corrosion of ferrous metals




have been reported in which a combination of chromate and a sequester-

ing agent (Na,EDTA), which is capable of complexing iron(II), are used
{21,22). However, information concerning corrosion of steel indicates
that the chromate is necessary to prevent excessive attack by alkaline
solutions of EDTA*” (21)., A combination of polyphosphate, chromate
and Na,H_ EDTA is recommended as a rust and scale prev:nting agent for
automobile cooling systems (23).

Edwards and Roza (24) studied boiler scale prevention by using
Na,EDTA ("Verseme 100"), and reported that no appreciable decomposi-
tion of the free "Na,EDTA" in solution occurs at temperatures below
400°F (200°C) and that the metal chelates are stable to 500°F (260°C).
Unfortunately, the experimental evidence for this conclusion was not
given nor was the evidence for the existence of free "Na,EDTA" in 5
ppm or less at a pH of about 10.5 given. Edwards and Roza concluded
that the application of NayEDTA in boilers which have maximum drum
temperatures up to 500°F (260°C) would be feasible. Furthermore,
$ince the free chelating agent and its metal chclates are reported to
be nonvolatile below 500°F, the steam purity should not be affected
in those cases where saturated steam might be taken from the drum and
superheated to temperatures above 500°F. In this study, NajEDTA was
continuously fed into the boiler feed water at a rate of 32.7 pounds
per 24 hours; a quantity sufficient to inactivate all hardness in the
boiler water and maintain a minimum pH of 10.0. Sufficient sodium
sulfite was added to the feed water (o maintain @ minimum sulfite
residual in the boiler of 10 ppm. Compared to a "disodium phosphate

and caustic treatment” the treatment with the Na EDUA was compoetitive




when savings on fuel and cleaning time were considered (24).  The
initial attempt b Ldwards and Roza to clean a large deposit from an
operating boiler was abandoned because it was found that the "Na,EDTA
was being carried over with the steam, presenting a possibie source of
contamination to the steam users'. |llowever, it was found that addition
of sufficient chelating agent to inactivate the hardness of the makeup
water prevented the formation of scale on the internal surfaces of a
clean boiler. Since the calcium and magnesium chelates are soluble

at the normal operating pl of a boiler, scale-forming componcents in
the water would remain in solution and be removed through normal blow-
down (24),

Decontamination of .ccumulated deposits of radiocactive materials
in pressurized water reactors can be accomplished by chemical mcans.
Since the fundamental knowledge of the thermal stability of several
potentially usable r -ents was limited, Droll (25) tested aqucous
solutions of six reagents, one of which was Na,H,EDTA, in stainless
steel (AISI type 316 with type 304 stainless stcel liners) autoclaves,
for at least one hour at 300°F (149°C) and 400°F (204°C). All of
the recagents decomposed fairly rapidly, with decomposition signifi-
cantly morc rapid at 400°F; citric acid, Na,H,EDIA and catechol
apprdrced to be the most stable. After necutralization to the methyl
red end-point, the amount of Na,H,EDTA present in solution was de-
termined by titrating a portion of e¢ach sample, which had an oxcess
of calcium nitrate added, with standard sodium hydroxide solution to
the methy! red end-point.  [itratable aciditics were also determined

by titrating a portion of cach sample with standard sodium hydroxide

10




solution to the phenolphthalein end-point.  Solutions containing 1.20
and 250 ppm of Na,ll,EDIA were reported to be completely decomposed
within 30 min. at 400°F and a 60 ppm sclution dccomposed completely
within 15 min. At 300°F, less than 50% of tne Na,H,EDIA was left af ter
3 hours. Although there was no observable difference between the ap-
pearance of the samples taken from the solutions in the autoclaves and
thosc of the refercence solutions, it is quite conceivable that a
product is formed which possesscs the ability to chelate or complex
metal ions to a rcasonable degrece. Droll did not attempt tc discern
the nature of the decomposition product or products, and his method
of analysis could only qualitatively detect the presence of chelating
products in solution.

Although the study of the effect of high temperatures and
pr«ssures on the stability of H,EDTA has not yet been reported,
Zittel (26) has studied the effect of gamma radiation on aqueous so-
lutions ot HLEDTA. Under the conditions studied H,EDIA was degraded
by gamma radiation to the extent of about 1.4 x 107° millimoles per
nilliliter of solution irradiated per roentgen. Since the purpose of
the work was to measure the effects of gamma radiation on H,EDTA as
it is used in analytical methods, no systematic study was made to
identify the degradation products produced during gemma irradiation.
A 1.2 x 1073 solution of Na,l,EDIA which had been exposed to 10°r,
no longer contained the original chelating material as i=dico o by
the titration with standard I'h'! solution. Infrarcd data showed that
many changes occur in the L ELTA molecule o5 a vesulo of tihe camma

irradiation, but no definite strudturces were reported. Tt was




interesting to note that solutiens of high pil are much less affected by
radiation than thosc of low pil. Amperamectric titration curves of ir-
radiated Na,H,EDI'A solutions titrated with VO? indicated that the

degradation products still acted as chelating materials (20).

Thermal Behavior of Solid H,EDTA and Its Metal Complexes

The thermal stability of Na,!l,EDTA.2H,0 has been extensively
studied to determine the temperature at which the hydrated salt could
be safely dried to constant weight (27), Although the hydrated salt
loses water above 100°C, charring was reported above 150°C. Similar
results have been reported by Dow Chemical Co. (28); the anhydrous
compound Na,H,EDTA begins to decompose above 135°C and yields sodium
carbonate as the residue at 750°C. Depending on the material studied,
HL,EDTA is reported to be stable below the range 230° to 265°C (27,28,
29). The salts, however, exhibit weight losses at lower temperatures
because of the evolution of hydrate-bound water (30). As Wendlandt
noted, a strict comparison of decomposition temperatures reported by
several workers cannot be made because of the different hecating rates
employed and the different inherent characteristics of the thermo-
balances and differential thermal analyzers used.

After the loss of the hydrate-water, the anhydrous sodium salt
decomposes to ultimately yield sodium carbonate. Anhydrous Na,CaEDTA
possesses excellent thermal properties; no weipht losses are observed
up to 337°C. Almost all of the free acids studicd by Wendlandt (30
exhibit a single endothermic peak corresponding to the main decomposi-

tion of the campound. Very few peaks were noted that could be




associated with the oxidation of carbonaceous material; the low tem-

perature range employed may be the reason.

lLanger and Gohlke (31) used mass spectrometric thermil analysis
(MTA) to study the volatile products of thermal decomposition in a
manner similar to differential thermal analysis (DTA) und thermogravi-
metric analysis (TGA). Using MTA, GeEDTA.2H,0 was found to decompose
with liberation of water between 7C°C and 100°C, and again between
160°C and 190°C. Carbon dioxide appeared between 270°C and 320°C,
and above 380°C general rapid decomposition produced "small organic
molecules such as ethylene, carbon monoxide, ammonia, nitrogen, etc."
(31). Using H,EDTA-2H,0-HC1, water and HCl1 were detected by MTA from
room temperature to 100°C under reduced pressures of the system. At
the point of complete decomposition, at a temperature greater than
200°C, a recording of the entire mass spectrum revealed the presence
of CO,, H,0, NH;, N,, HC1l, as well as ion fragments of minor inten-
sity ranging from m’/e 50 to m/e 150.

Although other reports of the thermal decomposition of H,EDTA and
its metal salts have added to a small background of available inforra-
tion (3.2,33,34,35), the work of Bhat and Iyor (30) is by far the most
extensive study made to find out how various metal ions influence the

thermal behavior as well as the mode of thermal decomposition of sev-

eral solid EDTA?T complexes.  [he only effluent gases analvzed were

CO, and CO and only in the case of the CulLPFDIACH O ond BIHLEDTALLLO
complexes was the residwe analyzed for nitrogen (95 perient nitrogen
of the original complex remained in the residue).  On the hasis ot

their study, #Bhat and Iyer (3¢ made tour signiticant comlusions




regarding the trends in the thermal behavior of solid metal-EDUA?

complexes heated te 700°C and higher.

(1) Although the thermal stabilities of the solid complexes studiced
are slightly better in nitrogen than in air, the behavior is similar ex-
cept at higher temperatures where secondary reactions involving decompo-
sition products and oxygen occur.

(2) The thermal stabilities of the complexes studied in a nitrogen
atmosphere vary in the order Dy>Sb>Bi>Ni>CuxCo>Ca=Ba; the order does not
suggest any possible correlation between decomposition temperature and
stability constant or heat of complex formation in solution.

(3) The carboxyl groups in the complex decompose first and the
ethylenediamine part of the molecule is comparatively more stable.

(4) Iwo modes of decomposition are observed for the degradation
of carboxyl groups:

(a) decompositions occurring in two steps involving two car-
boxyl wroups in ecach step, c¢.g., Co, Ca and Ba;

(b) all four carboxyl groups decomposc in a single stoep,
¢oo., B, sb, Cu, Ni and Dy.  Such complexes are thermally more stable
than complexes which decompose by the two step decarboxylation, Ac-
cordinsly, Blat and lyer point out that the sinolc step decarboxvlation
should occur when three or more carboxvis dare coordinated to the metal
and that tetrevalent complexes should Tose @il tour carboxvl groups

'

simuitancous iy, tor example. compliexes ol Geo o sno 1, HE and |

oo ah
+

A summary of Ue modes of decompesition gnt the number of attadhed

N

metal —carboav ooronps of the solnd 2T0ATT Complex is siiwn o an feblce




Conclusions and luture Work

A considerable amount of work has been reported on the use of
cthylenedinitrilotetraacetic acid (H EDIA)Y and its metal salts as ad-
ditives to boiicer water. rhe additives appear to be quite benetficial
in preventing corrosion of the boiler tubes and as a descaling apent.,
Most of the thermal decomposition investigations have been made on
solid N EDIA and various solid metal -=ibfA'” commlevez, In sindial,
the solids lose water and then decarboxylate in one or (wo steps.
depending on the number of carboxyl groups attached to the motal:
tiirce or more attached carboxy! ygroups give risce to mere thermally
stable complexes which decarboxylate in a single step.,  wator, cdarbon

monoxide, carbon dioxide, ammonia, nitrogen, cthylene. and Usrall

organic molecules” with ion fragments of minor intensitics rancing
from m ¢ 30 to mse 150 have been detected by mass spectrometric angl -
ysis of volatile decomposition products from FDIAYT derivatives. when
solid kDA and tts various metal salts were heatod to torpordtures

t 7TN0?C and above, the residues isolated consisted ol motal, meta!

oxide, metul carbonate and coerbon; the restdue depended on the start-

ing material dand the sascons atmosphere usod durine to b e fation.
Alrer the Toss o & CO 0 and T G por o mebe o B s v o ey Dot BT A
Hoo cvorrespendins o the oms 0 foUr Lerbean TS S R & B A
the residiue Jor niiraaaen oantent showe 0 chor sl o o
NitroceN erigine. iy presont e the corploxy reron oo [N
e Vi resnibe oandicates that the ottt oo Do
moloiule 18 tarmel iy more Stabh e ttoan b artoNy T ro s to
studres have Peen repor ted on o nature ofores s osoT et Tty

~




thermal decomposition of EDIAYT complexes in aquceous solution.

lo fully uiderstand the potential protection to Navy boilers by
the lithium hydroxide - EDIA?T system, we must determine the rite at
which aqueous solutions of EDFA'™ themmally decomposce, the identity
of the volatile decomposition products and the identity and (hilating
propertics of residual materials. If the residue is still a chelat-
ing agent, it should be more thermally stable than EDIA?T and lend
itself to possible use under conditions of boiler operation. Since
the identity of volatile products and residues from thermal decompo-
sition of solid H,FDTA and various salts will aid in the study of the
aqueous solution decomposition, the thermal decomposition of solid
H,EDTA and 1i4EDTA is currently being investigated at this Iaboratory.
lhe rate of decomposition of Na.H,EDTA and Ii,EDIA in aqueous solution
at 400°C is also being investigated. The solid phase and aqueous
phase decompositions of EDTA*™ are the topics of Part Il and Part III,

respectively, of this report.
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Table 1

Motal-EDTA™™ Complexcs: Formation Constants and Optimum pH of Formation

" + .
for MM+ 147 2D o MCOH) 1T 2 MCoID 147

s pifor Crystal
Metal Ton Log Ky Cptimum Formation lonic Radii "(A)
Li 2.8 >12 0.68
Na ' 1.7 512 0.97
Mg®t 5.7 211 0.32
Ca?t 10.0 10.7 0.99
Fe?? 14.3 5 0.74
Fe3? 25.1 1 0.64
Fe OH), 8.2° - -
Fa(0il), -7.0° - -

450°C in 0.1M KC1.

b .
Weast, R.C. and Selby, S.M., "Handbook of Chemistry anc Physics,"
47th edition, The Chemical Rubber Co., Cleveland, Ohio, 1966,

p. F1:24.

c . .
Calcu'ated values from data given in reference (4).




l'able 11

Mode of Decomposition of Selid Metal-ethylencdinitrilotetraacctates

No. of Carboxyl

Metual Salt No. of Steps in Groups Attached
of H,i:DIA Decarboxylation to Mctal Reference
Nu,Cal:DLA 1 4 30
Call,1DTA 2 24 30
Ball,1:DTA 2 2P 30
Coll, EDTA « 31,0 2 2 30
DyHIDTA- 2H,0 1 3 3o
BillkDTA- 11,0 1 3 3o
SbHEDTA 1 3 Jo0
. - b .
NiH,EDTA 11,0 1 3 30
. b ,
Cull,.DIA-H-0 1 3 34
GeEDTA - 21,0 1 4 34
SnEDTA-H L0 1 4 34
TIEDTA-H 0 1 4 34
HEEDTA - 4.0 1 1 34
ThEDEA- 2O 1 4 34

a . .
Iwo protons associatod with two carboxyl groups.

b . .
One proton associated with a carboxyl proup and the other to a
water molecule.




1. MONODENTATE LIGAND: AMMONIA

NH, 2+

2. BIDENTATE LIGAND: ETHYLENEDIAMINE

Hp

*
N'—-CHZ 2

\N”.k.-_’_:a_\/’/ pl = 434
H

Fig. 1 - The Chelate Effect. Relaiionship between the
formation constants of iron(Il) complexes and the num-
ber of ligand-attachment points.
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